). The widespread use of baclofen in the community is still beyond the evidence base.
The baclofen in the treatment of alcohol liver disease (BacALD) protocol 15 was thus developed to further investigate baclofen treatment for patients who are alcohol dependent including those with liver disease. The current study aims to directly evaluate the efficacy of two doses of baclofen (30 mg/day and 75 mg/day) v. placebo in a randomised, placebo-controlled double-blind study (trial registration: ClinicalTrials.gov, NCT01711125). We hypothesise that patients treated with baclofen will (a) significantly reduce their drinking compared with placebo, (as measured by the days abstinent, time to lapse and relapse, number of drinks per drinking day, number of heavy drinking days), and (b) severity of dependence and craving along with measures of anxiety, depression, stress and clinical markers of liver injury will be significantly reduced in individuals treated with baclofen compared with those on placebo.
Method
The detailed methodology and study protocol are described in a separate protocol paper. 15 
Study design
The study was a 12-week randomised, double-blind, placebo-controlled trial in which participants who were alcohol dependent, with or without liver disease received 10 mg or 25 mg of baclofen three times a day, or matching placebo for a 12-week period. The study was conducted over a 36-month period at three sites (Royal Prince Alfred Hospital, North Shore Hospital and Westmead Hospital) in Australia between 2013 and 2016. The study was approved by the Human Ethics Review Committee of the Sydney Local Health District, Northern Sydney Local Health District and South Western Sydney Local Health District (X11-0154). The trial was registered in the Clinical Trials Registry (NCT01711125). Initially the trial was limited to patients with ALD; however, the protocol was amended to include a parallel non-ALD group given emerging controversy in the literature about the use of baclofen in patients who are alcohol dependent but without ALD.
The study involved off-label use of a registered medication in Australia and approval was given under the clinical trial notification scheme of the Therapeutics Goods Administration (2013/0060). An independent data safety and monitoring board provided oversight and monitoring to ensure the safety of participants and validity and integrity of the trial. The chief trial physician (P.S.H.) reported serious or unexpected adverse events to the lead hospital ethics review committee and to the data safety and monitoring board for review.
Participants
Potential male and female participants were identified by treating clinicians at the out-patient drug and alcohol unit, liver clinic or who had responded to online advertising. We accepted reduction or abstinence as participant treatment goals. Patients with alcohol dependence were stratified according to presence or absence of ALD.
Inclusion criteria were (a) alcohol dependence according to the ICD-10 criteria; 16 (b) age 18-75; (c) adequate cognition and English language skills to give valid consent and complete research interviews; (d) willingness to give written informed consent; (e) abstinence from alcohol for between 3 and 21 days before enrolment; (f) resolution of any clinically evident alcohol withdrawal (on the Clinical Institute Withdrawal Assessment for alcohol (CIWAAr); 17 and (g) less than 48 h after ceasing any diazepam required for withdrawal management.
For stratification, ALD was defined as the presence of symptoms and/or signs referable to liver disease or its complications with or without cirrhosis, in which alcohol use is considered to play a major aetiological role. Alcohol use will have exceeded an average of 60 g/day in women and 80 g/day in men for >10 years. If other cofactors such as chronic hepatitis C are present, a significant contribution of alcohol to liver disease will be considered present if a period of supervised abstinence (for example in hospital) leads to a ≥50% improvement in liver enzymes.
Exclusion criteria were: (a) active major mental disorder associated with psychosis or significant suicide risk, (b) pregnancy or lactation, (c) concurrent use of any psychotropic medication other than antidepressants (provided these are taken at stable doses for at least 2 months); (d) unstable substance use; (e) clinical evidence of persisting hepatic encephalopathy (drowsiness, sleep inversion or asterixis); (f) pending incarceration; (g) lack of stable housing; (h) peptic ulcer; and (i) unstable diabetes mellitus.
Study procedures
The treatment procedure and frequency of assessments were explained to all eligible individuals and a study information sheet was provided. Participants were informed about the study objectives, the nature of adherence therapy, the profile of baclofen and that the medication they would receive would be chosen at random. They were informed that they would not be withdrawn from the programme if they relapsed or failed to comply with the medication and that they could chose to leave the programme at any time. Screening procedures included a medical history and physical examination. Laboratory evaluations included liver tests and biochemistry, urinalysis, urine toxicology and human chorionic gonadotropin in women. Patients who had significant withdrawal symptoms with a CIWA-Ar 17 score of >10 were referred for detoxification treatment according to local detoxification guidelines. If eligible, participants were then scheduled for the enrolment visit (baseline interviews and initial treatment) within 1 week.
Assertive follow-up involved several telephone reminders, text messages and/or mailed reminder letters for missed appointments. All attempts were made to obtain drinking information (via phone or medical records) during the study period regardless of medication adherence or completion in the study protocol (attendance at appointments).
Interventions
Our aim was to investigate the efficacy of baclofen in ALD including a low dose (30 mg/day as per Morley et al. 12 and a higher dose). For this trial, the medication was sourced locally in Australia whereby baclofen is provided in either 10 mg or 25 mg tablets. Thus, to match the three tablets per day required for the 30 mg dose, we chose 75 mg (3 × 25 mg) as our high dose.
Individuals read and signed the informed consent before being randomised. Randomised participants received upward and downward titrations of medication for the 84 days of treatment. Specifically, participants took a capsule of 10 mg or 25 mg: 1 × day for the first 2 days, 2 × day on days 3-4, 3 × day on days 5-80, 2 × day on days 81-82 and finally 1 × day for the last 2 days. The placebo pills, which were identical in appearance, were also titrated upward and downward to maintain the double blind.
All participants received medical care typically available at hospital-based drug and alcohol treatment services in Sydney, Australia. All participants received one medical assessment and five follow-up medical reviews over the 12-week treatment period, held at weeks 1, 3, 6, 9, 12. Participants were medically monitored for adverse events and prescribed the study medication at each appointment. Participants who experienced moderate side-effects had their dose reduced according to physician judgement.
In addition, all participants received brief adherence therapy delivered by research psychologists who were trained and supervised by the authors (A.B., K.C.M.). Adherence therapy is an intervention aimed at targeting problems that may affect treatment adherence such as ambivalence and misperceptions about medication 18 and we have utilised this intervention in previous alcohol pharmacotherapy trials. This package comprises brief intervention and assertive reminders for appointments, supervised dosing, a daily diary and feedback regarding adherence at each visit. The intervention consisted of 4-6 sessions lasting 20-60 min. The sessions were undertaken in the out-patient clinics of the treatment sites. In the first phase, participants review their history, conceptualise any problems with medication and explore beliefs about alcohol dependence and liver disease where necessary. In the second phase, a more specific discussion focuses on symptoms, side-effects of treatment and the benefits and drawbacks of treatment. In the third phase, the need for treatment maintenance and relapse prevention is addressed. The few participants (approximately 10%) requesting other concurrent psychosocial support (for example, usual counselling care within the out-patient site) were encouraged to defer commencement until at least week 6 of the trial.
Randomisation and masking
Participants randomly were allocated 1:1:1. Allocation was made by a computer-generated block randomisation sequence that was developed by an independent team at a neighbouring institution (National Drug and Alcohol Research Centre, University of New South Wales), and then sent to the hospital clinical trials pharmacists. Participants, clinicians and research team members were masked. The integrity of the double-blind procedure was assessed by obtaining a prediction from each client as to their allocated treatment and, in addition, a prediction from the therapist and researcher (active or placebo).
Assessments
At baseline, structured diagnostic information regarding alcohol dependence and demographic variables were gathered. Alcohol consumption in the previous 30 days was determined using the Timeline Followback (TLFB) alcohol consumption form 19 and a daily monitoring diary used in our previous alcohol treatment studies. 20, 21 Clinical markers of liver injury included a structured clinical assessment for symptoms and signs of liver disease performed by a physician. Full blood count, liver tests (bilirubin, gamma glutamyltransferase (GGT), alkaline phosphatase; alanine aminotransferase (ALT); aspartate aminotransferase (AST), albumin), coagulation tests (international normalised ratio) and creatinine were tested at baseline. The Childs-Pugh score, 22 Maddrey Discriminant Function 23 and Modified End-Stage Liver Disease (MELD) 24 scores were obtained by standard clinical methods.
Severity of alcohol dependence was assessed using the Alcohol Dependence Scale (ADS), 25 craving was measured by the Penn Alcohol Craving Scale (PACS), 26 depression, anxiety and stress levels as measured by the Depression Anxiety Stress Scale (DASS) 27 and sleep problems were assessed by the Insomnia Severity Index (ISI). 28 In addition, trained interviewers conducted a structured psychiatric diagnostic interview using the Mini-International Neuropsychiatric Interview (MINI). 29 The TLFB, DASS, PACS, ISI were performed at each visit (five visits following the initial baseline visit: week 1, 3, 6, 9, 12). ADS and blood tests were assessed at 12 weeks. Breath alcohol concentration was assessed at each visit to ensure assessments were not conducted during intoxication.
The validity of self-report for alcohol consumption was assessed via serum analysis for %CDT (carbohydrate deficient transferrin) in a randomly selected 25% of participants. Adherence was assessed by self-report, pill count of the returned medication package, the daily monitoring diary and urinary analysis of baclofen levels in a randomly selected 50% of participants. A sensitive liquid chromatography mass spectrometer assay (validated over the ranges of 12.5-12 500 ng/mL) was developed for determination of baclofen and its main metabolite in human urine (6.5 minutes).
Outcomes measures
Primary outcomes were time to first lapse (1 standard drink where one standard drink is 10 g of absolute alcohol); time to relapse (≥4 drinks for women, ≥5 drinks for men); average drinks per drinking day (week-12 follow-up) and number of heavy drinking days (week-12 follow-up); percentage days abstinent and percentage of patients abstinent (over the 12 week trial). Secondary outcomes were alcohol dependence severity; craving; DASS scores for depression, anxiety and stress; sleep disturbance; liver function tests; frequency of adverse events and treatment adherence.
Statistical analysis
The only previously published RCT of baclofen including patients with cirrhosis 7 reported a large effect size with an abstinence rate of 71% in the baclofen group and 29% in the placebo group. The sample size was calculated with a log-rank test of the difference in lapse survival between two groups (combined baclofen groups v. placebo as outlined in the protocol 7 ) with a power of 0.80 to detect a medium-large effect with a two-tailed α of 0.05. The main efficacy analysis was performed on an intention-to-treat basis including all participants who took at least one dose of medication following the CONSORT guidelines. 30 As previously outlined 15 two planned analyses were conducted: (a) placebo v. baclofen (composite of the two doses), followed by (b) 30 mg v. 75 mg to determine any dose-response effect.
Survival analyses (Kaplan-Meier estimates and log-rank test) were conducted to examine the effect of treatment on length of time to relapse and length of time to lapse. The primary outcome alcohol consumption variables were entered together into a MANOVA. These were the percentage of days abstinent, number of heavy drinking days, average drinks per drinking day at week 12. Repeated assessments from baseline, week 6 and week 12 were analysed using mixed models (alcohol dependence severity; craving; DASS scores for depression, anxiety and stress; sleep disturbance; liver function tests). The χ 2 -test were employed for continuous and categorical variables respectively to detect any significant differences on abstinence rate, side-effect profile, 'blindedness', treatment retention and medication adherence rates. Differences between the participants with and without ALD (stratified separately at randomisation) in response to baclofen were also investigated via survival analyses for time variables lapse and relapse (stratified for ALD status) and MANOVA for alcohol consumption variables (with 'treatment', 'ALD' and the interaction term 'ALD × treatment' in a full factorial model). The predictive value of ALD severity (MELD scores) was further examined within the ALD group using Cox regression survival for time to lapse and relapse by placing 'MELD' and 'MELD × treatment' as covariates.
Regarding missing data, in the case of primary outcomes (survival and multivariate), we employed sensitivity analyses to compare the results from raw data with those from multiple imputation (with ten iterations). Raw data are presented given that analyses revealed no change between the results for raw data v. using multiple imputation. Mixed models were also used where possible, 31 which provide overall estimates of effects by averaging over the various missing-data patterns under the assumption that missing data were missing at random. All analyses were two-tailed, with significance level at P<0.05. Data were analysed using SPSS 23 for Mac OSX.
Results

Sample characteristics
Of the 106 patients recruited and initially randomised, two patients were not dispensed medication because of (a) unwillingness to continue and (b) comorbid psychiatric illness. Of the remaining 104, 33 were randomised to receive placebo, 36 to receive baclofen 30 mg and 35 to receive baclofen 75 mg (Fig. 1) . One participant was dispensed medication before violation of the protocol was detected (abstinent for a total of 28 days before enrolment). Baseline characteristics are displayed in Table 1 . There were no significant differences between treatment groups at baseline confirming successful randomisation (Fs<2.47) and no differences between baclofen (composite groups) and placebo (n = 33) (Fs<3.28). Overall, the mean age was 48 (s.d. = 10) years, 29% were women, 49% unemployed, average alcohol consumption was 15.03 (s.d. = 9.87) drinks per drinking day and the average length of abstinence before randomisation was 4.7 days. ALD was present in 56% (n = 58) of participants and 55% (n = 57) of participants were taking antidepressants at the time of enrolment. Within the ALD subgroup, patients were assessed as clinically non-cirrhotic (24%) (n = 14), Childs-Pugh category A (41%) (n = 24), category B (33%) (n = 19) and category C (2%) (n = 1). There were no significant differences between groups for MELD or Maddrey scores (Fs<1.62, Ps>0.21).
Participant retention and adherence to treatment
Overall, 24 (73%) participants randomised to placebo, 24 (67%) randomised to baclofen 30 mg and 25 (71%) randomised to baclofen 75 mg completed the study. Participants did not continue the treatment programme either because of relapse, hospital admission, severe concurrent illness (psychiatric or physical), unwillingness to continue or loss to follow-up (Fig. 1) . Of the 72 participants who completed the study, 60 showed 80% adherence. Of these, 21 were randomised to placebo, 20 randomised to baclofen 30 mg and 19 randomised to baclofen 75 mg. For all participants (intention-totreat), the mean length of time on medication was 66.03 days (s. 
Safety and tolerability
The profile of side-effects reported by participants is shown in Table 2 . There were significant treatment differences for drowsiness/sedation and shortness of breath (likelihood ratio: χ 2 >6.20, Ps<0.05). Patients randomised to baclofen 75 mg were significantly more likely to report drowsiness/sedation (likelihood ratio: χ 2 = 9.53, P<0.001) and shortness of breath compared with those randomised to 30 mg (likelihood ratio: χ 2 = 7.18, P<0.05). There were four serious adverse events as follows: one death (baclofen 30 mg) that was attributed to be unrelated to study medication (liver cancer present on study entry); two admissions to hospital because of suicidal ideation and alcohol intoxication that were judged to be possibly related to study medication; one overdose (baclofen 75 mg group, without ALD) resulting in presentation to the emergency department with depressed level of consciousness (vital signs within normal limits) that was judged to be related to study medication. The exact quantity of tablets consumed could not be accurately determined but was estimated to be no more than 23 (800 mg) and consumed while intoxicated. The patient was discharged within 48 h.
In the baclofen 75 mg group, 20% (7) dropped out because of adverse events or as a result of a serious adverse event, compared to 6% (2) in the 30 mg group and 3% (1) in the placebo group (likelihood ratio: χ 2 = 6.67, P<0.05). With regards to tolerability, in the 75 mg group, 11% (4) ceased taking the medication citing sideeffects compared with 3% (1) in the 30 mg group and 3% (1) in the placebo group (likelihood ratio: χ 2 = 3.11, P = 0.21). Three patients in the 75 mg group reduced the dose because of sideeffects (one dropped down to 25 mg/day and two dropped to 50 mg/day) but no patients in the other two groups reduced their dose.
Integrity of the double blind
Overall, clinicians were able to differentiate active correctly from placebo treatment in 57% of cases. Researchers were able to differentiate active correctly from placebo treatment in 59% of cases. Of all participants, 60% were able to differentiate active correctly from placebo treatment whereas 22% of placebo participants and 79% of active participants correctly guessed and this was not significant (χ 2 2,100 = 0.01, P = 0.97).
Main efficacy results
Data regarding alcohol consumption at follow-up was unable to be obtained for 11 participants (11%). At week 12, drinking data for relapse and lapse was available for 89% of participants. Survival analyses for the time to first lapse and first relapse for each dose are depicted in Fig. 2(a) and 2(b) , respectively.
Survival analyses revealed significant treatment effects (placebo v. baclofen composite) for the number of days to first lapse (log rank: χ 2 = 6.44, P<0.05, d = 0.56) and the number of days to relapse (log rank: χ 2 = 4.62, P<0.05, d = 0.52). There was no significant treatment effect for rate of participants abstinent over the 12-week trial (χ 2 = 2.12, P = 0.15). MANOVA revealed a significant overall treatment effect attributed to alcohol consumption (Wilks multivariate test of significance; effect of treatment: F 3,68 = 3.29, P<0.05) whereby there was a significant between-participant effect for percentage days abstinent (F 2,69 = 7.42, P<0.01) but not for the other alcohol consumption outcome variables (Fs<1.10) (see Table 3 ). The number needed to treat based on the criterion of continuous abstinence was 8.3 for baclofen (composite of 30 mg and 75 mg groups). Mixed models revealed a significant effect of time for alcohol dependence, craving, depression, anxiety and sleep With regards to between-dose comparisons for baclofen, there were no significant differences between the 30 mg/day v. the 75 mg/day dose for the number of days to first lapse (log rank: χ 2 = 0.42, P = 0.52) or the number of days to relapse (log rank: χ 2 = 0.05, P = 0.83). MANOVA did not reveal a significant overall treatment effect between doses attributed to alcohol consumption (Wilks multivariate test of significance: F 3,44 = 1.13, P<0.35). The number needed to treat based on the criterion of continuous abstinence was 9.1 for 30 mg/day and 7.7 for 75 mg/day doses of baclofen.
ALD v. non-ALD
There were significant baseline characteristics between the ALD v. non-ALD subgroups on age (F 2,102 = 10.04, P<0.05), education (F 2,102 = 5. 69, P<0.05), employment (χ 2 = 28.37, P<0.0001) standard drinks per drinking day (F 2,102 = 13.61, P<0.001), GGT (F 2,102 = 11.25, P<0.01), ALT (F 2,102 = 8.74, P<0.01) and AST (F 2,102 = 33.00, P<0.001) (see Table 4 ). There were no significant differences between baseline characteristics between baclofen (composite groups) and placebo (Ps>0.15) within the ALD subgroup, confirming successful randomisation (within stratification). In the ALD subgroup, there were significant differences between baclofen (two dose group composite) and placebo for the number of days to first lapse (log rank: χ 2 = 5.58, P<0.05) and relapse (log rank: χ 2 = 5.02, P<0.05) but not for the non-ALD subgroup (log rank: χ 2 s < 2.40, Ps>0.05). MANOVA revealed no significant overall effect for treatment × ALD (Wilks F 3,66 = 0.41, P>0.05; observed power 0.13) for alcohol consumption variables. There were no differences between the ALD and non-ALD subgroups for frequency of each adverse event (χ 2 s<2.91, Ps>0.05), stopping medication because of side-effects (χ 2 = 0.31, Ps>0.05; 4% (n = 2) and 7% (n = 4) for non-ALD and ALD subgroups, respectively) or serious adverse events (χ 2 = 0.06, P>0.05). Within the ALD subgroup, time to lapse and relapse was not significantly predicted by MELD or MELD × treatment (Ps>0.62).3
Discussion
Main findings and comparison with other studies
The current results provide evidence that low-medium dose baclofen treatment can have significant benefits on drinking outcomes relative to placebo in patients with liver disease. The intention-totreat analyses indicated that there was a significant difference for time to lapse, time to relapse and percentage days abstinent between the treatment groups. These findings are consistent with several double-blind RCTs demonstrating efficacy of baclofen to reduce alcohol consumption in several countries such as Italy 7 and Germany 14 and also consistent with open-label studies. 32 It is relevant to note that while the effect size for time to lapse is medium (d = 0.56), the number needed to treat based on the criterion of continuous abstinence is still high from a clinical perspective (8.3). We did not observe any significant improvements on liver function tests which may be because of the low rates of abstinence overall. Baclofen did not improve measures of alcohol dependence, craving depression, sleep or anxiety.
The positive outcomes reported in the current study are inconsistent with several double blind RCTs that have failed to demonstrate any efficacy of baclofen relative to placebo in patients without ALD. 9, 10, 13, 33 However, there are some important differences in the protocol of these trials. First, the level of concomitant psychotherapy is likely to be an important factor in determining treatment response. The negative trial conducted by Beraha et al 13 included comprehensive motivational enhancement therapy and the negative trial by Ponizovsky et al 10 included weekly intensive individual and group cognitive-behavioural-based therapy. In contrast, the participants in positive studies received only brief supportive counselling 7 and brief medical management. 14 In the current study, participants received brief adherence therapy delivered in conjunction with the research appointment. High ceiling effects in the placebo group of clinical trials with comprehensive psychosocial interventions may negate the detection of baclofen efficacy, suggesting that baclofen treatment would perhaps not be necessary in the presence of other intensive psychosocial options.
Furthermore, varying levels of drinking characteristics may play a role in explaining inconsistencies across studies. For example, the sample in the negative Garbutt et al 33 trial and Reynaud et al 9 trial had lower baseline drinking levels (seven and nine drinks per drinking day). A further double-blind RCT did not report any efficacy of adjunctive baclofen to manual-guided counselling in veterans with hepatitis C, consistent with our hypothesis, the participants in this latter sample were drinking seven standard drinks per day. 34 Whereas our current sample were drinking 15 drinks per drinking day and the positive Muller et al 14 study were drinking 20 drinks per day. To this degree, we report marked differences with respect to baseline drinking levels (11 and 18 standard drinks, respectively) between our non-ALD and ALD subgroups and our stratification analysis revealed that the treatment effect of baclofen was stronger in the ALD subgroup for delaying time to lapse and relapse. However, we did not find any significant interaction effect of ALD × treatment on drinking outcomes although this may be because of a lack of power to perform the full factorial model in this sample. Patients with ALD have lower cortical GABA levels 35 and have an extended history of heavy drinking 36 similar to our current results. Further, Addolorato et al 7 demonstrated increasing effectiveness of baclofen on abstinence with greater severity of ALD and indeed, observational studies are increasingly supporting the use of baclofen to reduce drinking outcomes and improve liver function in patients with ALD. 37, 38 It may be that individual alterations in GABA receptor activity that occur following chronic drinking predict response to GABAergic agents such as baclofen. Chick & Nutt 39 have previously highlighted baclofen to be a potential agent for a substitution therapy strategy in the treatment for alcohol dependence because of similarities with the neuropharmacological actions of alcohol. In light of this, baclofen has been demonstrated in human laboratory studies to have biphasic effects on alcohol by increasing stimulation and the feeling of intoxication but also sedation, 40, 41 leading the authors to conclude that the efficacy of baclofen is more likely to be because of alcohol substitution effects rather than antireinforcing properties. It is possible that patients who are alcohol dependent with liver disease drinking heavily before commencement of pharmacotherapy may be the appropriate clinical subgroup for substitution therapy with baclofen given otherwise severe and imminent health risk of heavy drinking that is highly costly to the community.
Safety and tolerability
With regards to safety and tolerability, although the majority of patients tolerated baclofen, patients randomised to the 75 mg dose of baclofen reported significantly more sedation compared with the 30 mg dose. In addition, there were several serious adverse events, with one patient randomised to the 75 mg dose taking an overdose of baclofen. It is well documented that baclofen is highly toxic in overdose. 42 High-dose baclofen has been associated with a range of adverse events including episodes of sedation after concurrent alcohol consumption. 43 Indeed, case studies suggest that patients with some comorbid psychiatric conditions (such as personality disorders, bipolar disorder) or comorbid substance use are unsuitable for baclofen. 44 Future research may confirm that patients with suicidal ideation or a history of overdose are more likely to experience a serious adverse response to baclofen.
Implications
In conclusion, the current trial demonstrated that baclofen (30-75 mg/day) is an effective treatment in people with alcohol dependence with and without liver disease drinking at an average level of 15 drinks per drinking day. However, our safety data raise some doubt about the use of higher doses of baclofen for patients in the community and suggest that prescribing should be limited to specialist services where careful treatment supervision is provided. This work is an important example of multidisciplinary efforts and so carries an important value from a clinical and public health stand point. Future research on the factors that influence the suitability of alcohol pharmacotherapy in certain subgroups is essential for the development of effective treatment options for alcohol dependence. 
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